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ROTARY KILN SMELTING OF SECONDARY LEAD

Richerd C. Egan, H. Vikram Rao & Karl D. Libach

NL Industries, Inc.
Hightatown, N. J.

This peper deacribeas the layout and operation of the Pedricktowm Plent
of NL Induetries, Inc., locsted st Pedricktown, New Jersey, spproximately
20 miles from Philadelphis. A description of the complete operstion will be
given commencing with the decesing facilities, deacribing the kiln smelting
operation end finiehing vith the refining snd casting. The emphasis, however,
. will ba placed upon the kiln emelting vhich represents e significant dapar-~
' ture from conventional amelting, vhich is predominantly composed of blaat
furneces, reverberatory furnsces snd short rotsry furnaces. The long rotery
furnace has some similarities vith the short rotsry in ite chemistry, but
in 811 other respects it is o substantielly different technology from eny
other secondary lead proceass. .

The kiln emelting described in this paper reprasents s modificetion of
the proceaes employed by Preussag AG, Coslsr, Germany, from whom the baeie
technology vas licensed by NL, Some of the major compsrisons of this tech-
nology vith conventionsl smelting are discussed st the end of the paper.
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Battery Decasing

The Pedricktown decasing plant meparstes the recelved batteries into
ncid, prid, lerge case and mepacator, widdiings fractiona and battery paste,
Most of the battery scid drsins when the battery 1a received. The battery
ix then shredded snd screened st 5/16™, The 45716 fraction containas prid
and large came and eeparstors. These are separated by » sagnetite sink
flost process. The -35/16 containe some non-paste matertsls which are
removed and report to the middlings frsction. The rematning pasts slurry
is thickened, flltered and dried to make the bsttery psate preduct.

Figure 1 shous the flowv of battery materfal,

Tncoming battery trucks report to the truck dump, There the cab and
the tratler are 18fted to 60° from the horfzontel and the batteries spill
out to & recelving ares. While the truck 1s being lovered 1t 18 washed with
Apray wvater to remove any bettery mcid. Fipure 2 shows the truck dump.
Batterien on aklids end loowely packed on flat bed trucks cannot be unlosded
by the truck dump., These sre removed by pushing with & psylosder or by
fork 1ift st a separste recsiving dock., The sides of the loosely packed
flat beds cannot withstsnd the rush of batteries on dumping snd bresk out
creating demsge to the vehicle and denger from falling batteries.

The drop during dusping [ractures most of the battery cases and &
Isrge smount of the acid draina {mmedistely. This flows through a avale
into » receiving acid suwp and {e pumped to storage tenka, The acid 1a
disposed of by waste disposal (irms who pump from these tanks to their
trucks for trsneport to their trestment facilities.

An International 5135 psyloader {s used to remove the batteries from
the racetving sres into one of five receiving bins., These sre constructed
primerily of concrete with scid brick in sress where moat of the drainage
occurs, We have observed that scid attack on concrete is not severe until
puddling bepins.

Batteries to be decsned sre dumped into the shredder receiving hopper
(Figure 3) by s second IH 515 payloader. The shredder is a Ssturn Model
Mo, 52-32, 100-HF with MR 175 low speed high torque motor and specially
constructed scid resistant slloy cutter teeth, The two opposing rows of
teath rotste at approximstely 30 KPH, The blsdes are driven by a hydraulic
system which sutomaticslly reverses direction wvhen torque incresses shove
s certsin level. This festure allowa the hopper to be emptied even when
pleces of trawp iron fall into {t. The shredder shreds betveen 1200-1600
batteries per hour depending on the condition of the teeth. We have found
it necesssry to rebuild them about every six veeke. If this is not done
the battery rate drops sharply. Shredder product is nosinslly sinus :

.

2-inch with soce plates quite & bit larger in two dimensiona. 1.

A 30 inch wvide conveyor belt feeds the shredded product through s chute
to 8 6 feet disweter tromsel (Figure 4). This unit {e driven by a 25 NP
electric motor snd has s solid receiving section & feet long end & 12-1/2
feet long screening section, The receiving section of the trowmel acts ss
¢ gentle grinding ares in which the materisl grinding sgsinet {tself tends
te free the metsllic grid of any psste sdhertng to 1t, The holes {n the
scrnen sre 5/16 inch In dismeter. Weater is fed Into the receiving section
through the chute at s controlled rete snd slso ia sprayed internslly on
the acreen and externslly on top of the screen, The trommel rotates at
10.7 #PM and 1s tilted downwerd st 7° to the horfzontal. In our operating
sxperience wve have never had the trommel blind with seperators.
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The $/16" overs fall through s chute into s magnetite heavy media
separstor. The wedis is kept between 1.6 snd 1.8 specific gravity. The
onit is & Humbolder bucketwheel separator and hea approximately 1,25 aquare
weteras of separating surfsce, The case and separators fiost on top of the
bath over a dischsrge chute onto s split screen. The lead grid ainks to
the bottomw of the bath, 1a pilcked up by s revelving bucketvheel, brought to
the top sand diacharged down a chute to the opposite side of the split lcaeen.
The separation ia complicated by the fact that often tines smsll 1"x1/16
pieces of grid sink past the bucketvheel. For this reason, the unit has been
wod{fied so that medis and these fines discharge continuously below the
wheel f{taelf,

The magnetite used in the aink float is reclaimed and reused. This
reclaiming process atsrta on the split screen, 1tw firstr portion {s not
sprayed. Here wuch of the hesvy media drips off the sepsrated products snd
drains fmmedistely by gravity into s receiving cone. The heavy medis puwp
then pumps it beck into the separstor. The heavy medis pupp 1s s Wemco
Model 6X4UD with 40 HP and is driven at 714 RPM, The farther end of the
split screen is vashed with sprays which remove the rest of the magnetite
from the separated products. They flov by gravity through tha screen into
the light wedis receiving cone and into the light wedis pump. It transfers
the light wedis to a msgnetic sepsrstor vhich reclsins the magnetite from
the water, The dischargs from the magnetic sepsrator drops by grsvity inte
the heavy wedis cone, .

The heavy wmedia sinks fall from the apiit screen through s chute onto
a conveysr belt which delivers them to the swester furnace, This (s &
rotsting tube furnace & feet {n dismeter and 20 feet long, which {a fired
from the discharge end by one burner vhich slso has the ability to cool
by blowing sir through the nozrle vithout flame. Crid metal melts in
the furnaca. Off-gases are trested in » baghouse. About B5% of the feed
reports ss lead and 15X se droes. The lead buttons sre removed for use
directly in the refining ares. The dross is transported to the kiln sres
for sselting., We have found that the emcunt of plastic fn the grid portion
fafluences the operation of the svester greatly. Excesaive plastic requires
the unit to be cooled.

The washed csae and separstor materisl is delivered by conveyor to s
atorsage pile. We sre currently selling this materisl to s firm who 13
reclsiming its plastic content and extruding thia to make plastic product
for eale snd manufscture of specislty {tems.

A1l the ~$/16" wvhich goes through the trommel screen is eventuslly
smelted. The equipment used subsequently for processing removes the water
used in screening in the trommel screen.

The first step {n wster removsl is to remove the unpumpeble msterial
to torw s widdlinge fraction. This ia done using the spirsl clsssifier
folloved by » flat scrsen. Ths spirsl classifiar removes thst material
which sinka so quickly that 1t cannot be pumped. Ths vstar content is
spproxiwately 15X on diacharge, The overflow contains the basttery psate
and ~3716" pvers case and sepsrstors, The lstter are remaved on a [lst
screen with spproximately 44 squsre feet of surfsce ares. Both the spiral
classifier and flat screen discharges go to & long screv vhich delivers the
widdlings to the buffer storsge room for kiln saelting,

The screen unders are battery paste slurry with between 10-15% solids.
These fall by gravity to s 50 HP pump which trsnsfers thes to & thickener.
The thickener {s 30 feet in dismeter by 9-1/2 feet deep snd has an sutomatie
torqus lifting sensing device on the rske,
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The thickened battery paste {lows out of the bottom of the thickenar
through one of two 5 HP Moyno pumpa which sre made using s chrome-plated
tool eteel type rotor, nstural rubber type stator, and pump the battery
paste through @ 1-1/2" line to a rotary drum filter., The slurry ia usually
betveen 60-70 solide once it lesves the thickener., The line to the filtar
containe » nuclear density gauge which continually sessures the density of

" the slurry. The filter is sn EIMCO filter 10 x 12 feet in aizs, rests in s

tub, and {s fitted with sn sgitator to keep the alurry in suapension. 1t

1s operated without an overflov and materisl fa fed to 1t intermittently to
keep the level in the fflter within about a foot of the top of the tub. Tha
filter is run betveen 19-22" wercury vacuum. The vacuum systes conaists of
a filtrste receliver connected through s barometric sesl to an output asump
and & 60 HP Siewmens vacuum puwp, The filter druw typically has a cycla time
of 3 minutes snd the cake {s relessed by uaing a acraper blade snd s amall
smount of snap blow afr, The cake (s usually released st about 10-152
mofature. It is veually sbout 1/4" to 1/2" thick,

The filter cake falls into s receiving screvw, and is conveyed to s
screv vhich feeds ft to & & feet diameter by 24 feet long rotary drum drier,
The rotary drus drier ia fitted with a acraper to prevent saccumulation of
materisl fnaide the drus. The dried materisl contains 6-81 moistura and
consiste of nodularized material {pellets) usually betveen 1/2" and 1/4" in
dismeter and contatining 15~20% finea, Tha dischargs {as conveyed by & ribbon
screw conveyor to the buffer storags building. The drier off-gassnes are
trested in a Ducon acrubber to rewove particulstes.

The thickener serves as the plant’s weter reservoir. The water for the
spraye for the trommsel screen, the apirel classifier, the 1ibra scresn and
the split screen is supplied by the thickener overflow. It {as then pumpad
to the sprays or {f there is txceas vster to » holding fnventory tank., The
plant has numerous valves for floor wash down snd cleanup sl]l of which are
done with water from the thickener overflow., All washup water avantuslly

rends in the bottom fleor of the bullding and drains from there into a sump

pump which pumps it over the magnetic separator end then into ths thickenar.

The plent ia operated 3 shiftes a week, 5 days & week on a 24-hour baais.
The department employs s auperintendent, three f{oremen and aix hourly pere
sonnel per shift. One of theae {a used to load tha batteriea into the
shredder; a second to monitor the equipment before ths heavy medis sactiong
the third to monitor the operation of the bucketwheel separstor; a fourth
to wonitor and operate the thickenar, filtar and drier; a fifth as & utility
man to provide for relief bresks and lunches; snd tha sixth to provide for
absentee replacement and clesnup.

The most significant costs in opevsting the plant arn wapracistion,
maintenance, and the cost of dispoaing of weste scid and sacasing affluant,
The need for maintenance is continual, This facility usaes many placse of
equipment in ons lins snd without much surge., We hava bean abla to obtaia
70X opersting factor during the lsat yser snd belfeva 1t will bs possible
to improve this to BO-83X, That isprovemant dapends on carsalul prevantative
msintenance. Wa pay very careful attention to the samount of gland weter
used on our pumpa as we find that sttention pays off in grestly reduced
effluent haulage cost,

Kiln
The Pedricktown rotary kiln ia a 177 foot lon;.'lo foot diemater used

cement kiln converted to leed swelting spacificatione (Pigurs 5). The fur-
nace is inclined slightly to the horizontal sod contains 392 tons of
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Figure § ~ Kiln

vefractory made up of slumina brick in the feed and preheat zones, burned
wagneaite-chrome brick in the resction szone, and the entirs length ie backed
up by 3 lnches of insulating firebrick., The diecharge end of the kiln is
narroved for 6 feet ) inches with the basic brick to form & dam {(corbel) to
allow for the collection of metal. Bricked vorking dismeter of the furnacs
is 8 feet at the feed end and 4 feet ok the discharge end,

The kiln s fired by a 3% aillion BTU oil burner positioned st the dis~
charge end and zngled forwsrd enough 8o that the [leme strikes the edge of
the bath just behind the corbel (Figure 6).

The rotary kiln sits on three large concrete plers, and esch pler has
two trunnion rollers upon which the kiln tires rest. The roller bearings
are lubricsted through s recirculsting otl aystem, which has provisions for
maintaining the oll temperature at 100+120°F. The kiln {8 rotsted by mesna
of a large ring (bull) gesr attached to and encircling the cutside of the
kiln. This gear {s driven by s pinion drive gear, which is in turn driven
through & water-cooled megnetic coupling clutch by o fixed apesd A.C. elac~
tric motor. Rotsationa]l speed variation through e range of 0.3 to 1.} revo~
lutions per minute 1o obtained by varying the current to the magnetic cluteh,
An auxilisry gasoline engine is provided as & backup source in csse of elec~
tricel failure,

Lead-bearing feed moterisl {a stored in an enclosed bin that fa kept
under negative pressure. A bridge crane with & 1-1/2 ysrd capacity buckst
operating within the building delivers the feed to o 15-ton cepscity hopper.
The hopper 1s emptied by the action of an spron feeder pulling material awvay
from the opening st the hopper bottom. The apron feeder conveys the material
to the kiln feed conveyor, a 150 foot long completely enclosed balt convayor
set st 8 17" angle. At the top of the conveyor, th: material is discharged
into the kiln vis an angled feed chute or & feed screw, depending on the
physical nasture of the material being used,

Petroleum coke and sods sah are stored in enclosed Lins heving o cepe~
city of 260 and 409 tona vsapectively. Each of the binu {s equipped with
individusl piping and baghousa systems for bloving coka and soda ssh frowm
pressurized delivery vehicles into the storage bins. Both bine have
wibrating bottoma that sasist the movement of tha bin contents into ecraw
conveyors vhich are operated by varlable speed D.C. motors. The varisble
speed acrevs convey to s common flux feed screw, which in turn discharges
onto the aforementioned kiln feed conveyor. Cast fron chips sre fed from
a 10 ton V~bottomed hopper snd, as they settla, ars pulled from the bottom
of the hopper by en spron feedear and deposited {ntoc the flux fesd scrawv.
The cest iron chips are mixed with the petroleun coke and sods ssh in the
screv and are discharged onto the kiln {eed conveyor.

The rotary kiln setallurgical ges stream ia cleaned by sn 18 cell
Norblo baghouse powered by s 150 HP fan capabdle of diacharging 18,000 CMN,
Bach S.ll containe 78 acrylic fiber begs having a permesbility of
40 fe3/0¢?/win. The kiln s draftad from the charging end through a large
grevity sstiling chember knowm as the “fucha”. The duat thet drope out im
the fuchs funnels into a screw convayor, vhich carries it bdack to the kiln
feed conveyor by way of the racovery loop. The racovery loop f# cowpriesd
of a horizontal screw conveyor, a rotsry valve, an Inclined screw conveyor,
and ¢ bucket elevator. The gaa atress from the fuchs 1s first pulled
through a vee duct cooling tube and then through ths balloon (lue
(Figura 7), expanded duct with a screw conveyor mounted on the bottom,
prior to entering the baghouae.
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Mounted on the belloon flue fa & bleed eir damper, fts function to
sllov outside cool sir to flow i{n to maintein the proper baghouse inlet
tempersture., The damper 1s opersted by s leeds and Northrup controller snd
is capable of opersting in efther the manual or sutomstic mode. Negative
pressure i{n the kiln {s controlled by s desper wounted on the outlet side
of the fuchs st the base of the vee duct.

A .24-cell Norblo baghouse handlen the sanitary gas cleaning require-
wenta for the kiln snd the refining department. Sanitery hoods are provided
over the lead launders at the discherge end of the kiln {firing hood), over
the aleg sand lead trains, snd over the lead tapping section. The dust that
is collected from the kiln operstion, both from the metallurglcal and meni-
tery aystems, 1s returned to the kiln feed conveyor through & screw conveyor
system,

The elug, which fores on the surfuce of the mersl, overflows the corbel
tontinuously through s chute and is collected in slag pots. Two slag pots
eit stop each car of » five car ceble-drawn train, Lead {s tapped periodi~
colly by stopping the kiln, breaking open the tep hole, then rotsting the
kiln until the tep hole points downward. Lead 1s collected by mesns of
refractory lined launder chute which directs the flow into botton melds
placed on a cable-drawn lesd train.

All controls end instrumentstion that support the votary kiln operation
are housed in one of two air-conditioned, dust-free control rooms. The feed
control room (Figure B8) is located within the enclosed negative pressure bin
snd contains the crane controls, the start/etop controls and fndicator
lighte for sl feed and recovery aystem screws and belt conveyors, the
thecatata that control the varfable feed screws snd conveyors and the con-
trols for the preumatic coke and soda ssh handling aystem, The kiln control
roow, located in the tapping ares, houses all kiln snd bsghouse tempersture
indicatora end recorders, start/atop controle and indicator lights for kiln
systewa and dreft control instrumentstion (Figure 9).

Stert Up

The tise requiresent for kiln start up veries depending on the condition
of the refractory. 1In the case of s newly rebricked kiln, the fuchs and
firing hood sre dried out for s two-day period by placing salemanders {nside
thew. At the end of this perfod, the matn burner {s turned on snd tha
furnace temperature {s refned 100°7 per hour to 1200°F, Once the temperature
has reached 1200°F, it {s held for an additionsl 12 hours to permit the
brickwork to get uniformly hot out to the steel whell, At the end of this
“scek™ perfod, the kiln tempersture 1s sgain refsed 100°F per hour until the
temperature resches 2400°F, During this last 12-hour period, the kiln is
rotsted one-quarter turn every 15 minutes. At tha end of thia hestup period,
feeding begins st spproximstely I5% of cepacity for 12 hourw, after which it
ie incressed to 651 for 12 hours and theresfter to desfgned capscity.

Start up with used refractory favolves heating the kiln vithout votstion to
process conditions over an 8-10 hour period. When the shell tempersture
teaches 250°F at the tap hold, the kiln L8 rotated 180°F every half hour for
approximately & hours, At this point, feeding begins and proceeds as
deacribed above.

Iachnical Training

+

The treining of perwonnel for both the kiln and decswing operstion was
accomplished by the central technical trsining department vis & Criterfon

-

Tigurs 9 =~ Kiln and Baghouse
Temparsture Indicators & Recorders
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Referenced Instruction Progrem. CRY training is a course of instruction
in which the subject matter is taught 8 small portion at & time with the
requirement that the trsinee demonstrate his understanding of that one small
portion before proceeding to the next higher learning atep., The propram
proved to be very effective; operstors were well veraed with the equipment,

contingency procedures and operating perimeters, and sbove all no accidents
were suffered during the thres-month atart up period. 3 & i
N $.
; . H = +3
Manpower Requirements §=g! ig
Y gk} "2
The kiln (s opersted on a three ehift per day, seven day per wveek !: 3 {3y
schedule. A tepper, charger, slag handler, lead train operstor, baghouseman -8 o B 3 l!‘:
and relief operator per ahift comprise ths hourly work. 3 .:Ezi %'z
i --r .4
A wmelting manager {e responsible for the overall opcntlon lnd has s 1 12 I,‘ "‘5
four shift foremen to eupervise the furnace, :i. 1z 13
' ot B L
) LY P Ead
s2¥23 e
Maintenance S3:51 3 L)
—— si)sc 2 ts !
LTI S &
Ninety percent of s11 kiln maintenance and repair ia performed by the }{ i? 137
plent maintenance department. One maintenance wechanic per shift is 2saigned 37 3 372
to the kiin, each performing a total of 91 equipment checks end lubricstions. 1:358 % §i:
Rebricking and the large fabrication snd/or repair jobs that are conducted
during scheduled shutdowne are contracted out. i .u
Since the kiln stert up 1n April of 1978, there hsve been four shut~ ’ _:': Eg .
downs to make repsirs to or replace refractory. Refractory experiences are g: ;; g
outlined n Table 1. 3 i £t !
p i i
Opers i - 3 it
erstion s ; 1 !l iy 18
. : £t el
As fa the case with ell furnace operstions, there are certain important 9 iz b P
sspecta which must be monitored and controlled vis tnatrumentation and i s=1 3
operstor observetion, With the kiln operstion, this can be broken doun into f.‘. . 31! 3
four major hesdinga: the feed system, burner system, off gea system, and !,’3 35- 3
the kiln. Each major heading is then sub-divided ae follows: F g2 S:.-..!. s
The [eed ayotem, ae previcusly mentioned, {a made up of two primary i‘!
feed ayatewme to include lead besring feed and flux feed. Both ayntems, sy i 3 3 z
as will be expleined further later, are set by » potentiometer and re-cali~ sii > - .
brasted st each feed rute change, Once cslibrsted, the controls are locked
st the panel board and & reading la taken once per hour to inaure accuracy.
: Y
The burner system conaiste mainly of ofl preasure valves snd air rate f s » §
control dewmpere, which sre set for maxisum burner efficiency, and monitored ! R 3 5"'
vie gauges at eech criticel point, In addition, sn ofll rets meter {a | ?I’ '; §
utilized to monitor fuel consumption and aid us in mainteining an energy 3 j gg gc %g
efficient syetem. A
The kiln off ges syetem {8 equipped with draft control, temperature
monitoring snd snvironments)] controla, To ensble us to monitor temperatures, ir g i
iH B

we hsve inatslled s 12 point recerder vhich records fuche temperature, top
and bottom baghouse temperatures snd stack tempersture. Individual tempera=-
ture waters have slsc been Installed to monitor the baghouse {nlet and
burning gone tesperature. To cover draft requirements and environmental
nesds, we have incorporsted s recording meter snd photohelixea for draft
monftoring, & combustion meter for gases, snd an opscity meter for monitoring

1
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stack enisnions.

The kiln {taelf is equipped with rotstional speed control snd &
wonitoring meter, s drift monitor slsrm, snd cooling water snd lube ofl
tempersture metere for monitoring the besarings.

Severs] other criticel functions not covered by Instrumentation se
such are salegusrded by slsrm syatema. Typical exsmples of these alarms
ere: vee duct high temperature, baghouse inlet high tempersture, flame
fetlure, cluteh cooling veter lov pressure, kiln drive motor stopped, etc.

As with eny new furnece, unexpected operstions] problems develop that
require permeverance on the part of the furnace ataff and hourly personnel
to anslyze snd overcome procedurslly. A diacussion of some of these diffi-
culties followe.

The original feed system st start up, for the rotary kiln was »

grevimetric systewm using weighbelts comsbined with varfous types of trsnsition

conveyors. This system was, and still ia, considered the optinun system for
charging the kiln, However, early in the start up, it became apparent that
the system, ss designed, ves too sophisticsted for reliasble day-to-day
cperation {n a amelter environwent., It wvawn't long before the weighbelta
wers taken out and the feed system vas converted to s simple volumetric
basis.’ .

Opersting & volusetric feed system required that an accurate mesns of
calibrating feed rate be developed. Our present systenm utilizes a varishle
potentioseter vhich controls the speed of each {ndividunl feed conveyor.
This potentiometer s calibrated by the simple expedient of running the
systew at a particular setting for s set perfod of time with the feed di-
werted to & drum. The feed thus collected 1s velghed and the rete 1s
ecaleulated. This is done s number of times st different sextings and the
results are plotted, Using the reference calibration curves thus obrained,
1t 1o » sisple matter to change charge composition when required.

During the 16 montha of kiln operstion, the compoaition of the charge to °

the kiln has varied conaidersbly. Some of this was expected, snd plsnned

cawpeigne to run particuler lead-besring feeds have been scheduled, Howvever,

wome of 1t 1s due to the nstursl varistion that occurs in scrap lesd feed,
The kiln ix s dynsmic sewelting system and, vhile not as sensitive se a blsat
furnsca, changes in chergs composition must sometimes be made.

Care wust be taken however to distingulsh betveen those conditfona
which srs transient in nsture end do not require charge adjustrents sad
thoee vhich do. Adjustments to the ratio of fluxes sre wost cowmon,
pertfcularly sods seh snd coke. Thess sdjustments sre based on seversl
factorat alsg chemical snslysis, slsg pool sppesrance and genersl kiln
parsmetera, Adjuatments in the reta of fasd ia uvsually dapendent on ths
typs of ecrap being fed to the kiln,

The role of the burner in kiln sselting {s only nov beginning to be
fully spprecisted. The burner's main role {s to inftiate the smelting
resctions st start up through the ignition of the coke in the charge. Once
thewa resctions sre undervsy, the oxidstion of the coke send the exothermic
hast from the lead oxide reduction supplies the bulk of the necessary heat
to the kiln., The burner theresfter {s mainly used for slag control. Minor
sdjustmente are msde in the burner to keep the slag within a specific
wiscosity range. These adjustments can involve changea in flsme character-
fatice snd/or engular position.

QKRR
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Slag viscosity control {a {wportant for the claan eepsration of lead
snd slsg. A viscous slag can carry s significant amount of lasd prill out
of the kiln. It also causes a transport problem - building up on the corbel
face and clogging tha slag chuts,

Too thin s slag can aignal the beginning of problema within the kiln,
The flux ratio may be incorrect or the smelting zons may bs moving. Tha
smelting zone can and does shift within the kiln. Factora such as feed
rste, coke leval, draft control and fead typs can cause thesse shifts.
Hovement of the smelting zone can ba followed by monitoring the tamperaturs
resdouts at esch end of the kiln, !

The kiln dreft s controlled by the reciprocsl sdjustment of the fuchse
damper located in the vee duct and the bleed in air damper on the balloon
screw, Automatic controllers ars provided for these two dampars. However,
their operstion must be periodically monitored to see that they atey within
the effective controller range. Since there are slwost an infinite combina~
tion of settings for these two dampers which csn yield the seme draft and
temperaturs conditions within tha kiln syatem, they hava s tsndency to drift
until they are out of control. The control of thesa two functions fa criti-
cal for waximum kiln production, i

As previously mentioned, the rotary kiln st Pedricktown {a a uased
concrete kiln, 1t ie mounted, out {n the open, on three concreta support
plers, Becsuse of the combined waight of the vrafractory snd tha leed
charge {about five timea denser then concrete) and the marginal asupport,
extrs care must be tsken to keep the kiln from warping and/or drifting.
The extreme load also makes lubrication of the trunfons sud besrings
extremely critical, !

As @ result, once the kiln is fired up eud up is vparstionsl hest, it
is never fully stopped for sny length of time {abuvut 15 wminutes maximum).
An 1dling procedurs hes been instituted vherein the kilo 1a slovly rotated
or given s periodic quarter turn during sny tesmporsry “hold" condition.
Should the hold be prolonged, tha kiln s emptied of slag and lesd snd
graduslly cooled down wvhile being rotated,

Start up of the kiln proceede differantly dspanding on whether or mot
the start up followa & rebricking. Following a rebricking, the kils is
hested up very slowly to driva off ths moisture on the rafractory. °'As the
bricks expsnd and lock in placs, the kiln la rotsted slowly snd the bheasting
{a continued until it {e up to near oparstion tempsraturs, Whea this point
is resched, feeding ia coumenced, )

|

The original lead tapping procedure callad for a recaiving kettle
mainstay vith s manually rotated leundsr chute f1lling button moldaise s
backup., This concept waa sbandoned prior to stsrt up dua to tha anticipated
difficulty of pumping “dirty” bullion out of the racaiving kattle,

t
A lead carrousel was deaigned and uasd succesafully for some 10 wonths.
However, wechanical difficultiss becama an incrasaing problam. Currently
s lead train, virtusily fdenticsl to the one used for sleg, has raplaced
the carrousal and is operating asatisfactorily,

Charge

Paily kiln tonnage fluctustes significantly as & function of chargs.
Three besic charges ars utilized, depending on sntimony raquirssents in the
geneveted metalt pellets/niddlings, plant screp, end occaelonally ?:l grid

i
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wets!/pellets. The pellets/siddlings charge has produced 8 datly high of
125 tons but normally sverages 200 tons per day with bullion st s »1.252
sntimony level, A high of 288 tons has been veslired on plant scrap, the
aversge dsily tonnage being 225 with an sversge antimony content of 6%,
The 3:1 grid wetal/pellets charge aversges 180 tons per day, the high
tonnsge being 200 and the sversge antimony content runs 3%,

Laborstories

The chewical lsborstories st Pedricktovn are located In the main office
buflding, vhile the ssnay room 1a located in 8 wing of f the refining bulld-
ing. The lad 1 equipped with s Batird-Avomic | meter, Spectromet 1000,
direct reading spectrometer, & Varfsn Techtron Bodel AA6 atomic absorption
apectrophotoseter with & M-80 gae box, & Leco Model 532-000 sulfur snalyzer,
8 Leco Model 761-100 carbon snslyzer and the conventionsl wet chemicsl
facilities,

The laboratory’s masjor esphssis {s on kettle process control ssmples
for wvhich the spectrometer and atomic sbsorption spectrophotometer are most
highly utflfzed. 1Incoming drosses, bstteries and wetal scrap are sesayed
&8 required. Daily sawples of kiln slsg and perfodic senples of feed mater-
dals and fluxes provide control for the kiln operstion,

|
i
1

X{ln Chemiatry snd Reactions

During the design snd construction of the Pedricktowm kiln, s computer
wndel of the process was constructed in order to better define the process
parameters, Ve will not here go into any details regarding the model, aince
this will follow ss the subject of » separate psper, However, inm crder to
get up the main festure of the model, nawely & mams and hest balance
stmulstion of the kiln, wve had to srrive st sn understanding of the kiln
rteactions as functions of distance from the feed end, This understanding
is described below,

h

The feed to the kiln comprises the lead-bearing portion of the charge,
cowposed of the output from the decasing operation, combined with other
1end scrap, (inely divided petroleum coke, case fron chips, snd soda ssh,
to nawe the principsl constituents. The swounts of foke, iron and soda sre
adjusted to euit slag chemistry and slso tempersture, Pquations ) through
8 deacribe the basic swelting resction.

3€ 4 2rso, + MDD 5 9 ;0 4 wmgsioy + 4cop ()

ux
sc o+ 2rso, + 1S 20 4 2maps 4+ TCO, (@)
SO 4+ 2C ——P PBS + 2 COp (8)]
C 4+ 25 + 1—'};55-93 ——» 270 + 2Neps + 3 COp (%)
i
: Fe® 0
PbS 4 —— ~——P PbY + Fe$ {5)
; Flux

amn

P0; + ¢ ——> % + o, : (6)
2P0 + ¢ ——p» 2% + co, , m
NajyCO
e —> Ny + co, ®

It can ba sesn that the coke acts primarily to reduce the loch oxides
to metallic lead and to reducs the sulfats to sulfide. Additionslly, coks
also undergoes the following reaction: :

!
!

C + 0 —» (0, i 9
!

and ve have found in practice that thia resction plays en important part even
though heat is provided st the front end of the kiln with & butner, The
burning of the coke is experienced over the antire length of the kiln even
up te the point where the coke may be seen burning on the slag layer as aleg
pours over the corbel., The reactivity of the coke is sn important factor,
and we have found petroleum coke to be most suitable. The sodium carbonate
reduces the lead sulfide to lead, snd the other reaction product varfes from
Na25 all the way to Ns504 with seversl different intermedists compounds
such as sodium thicsulfsate also being found. Since the predominent specles
are gsodium thiosulfsts and Na3S, tha proportiona of these two constitusate
are used as i{ndicators of the state of oxidation of the elag. The small
ssounts of sulfur in the coke and other incidents]l sources alse rasct with
sodium carbonate in the same wsy. An important function of the sods 1s slso
to reduce the levels of sulfur oxides in ths off geees. Thia "gsttering”
action causes the sulfur dioxide fn the off gases to ba well below 200 parta
per nillion. Some unreacted sods slso ascapes with the flue dust and is
returned to the kiln when the dust {s recycled, The sirborne sodium csrbon-
ate also exerts “gettering™ action upon some chlorides that happen to be
present in the air stream. These chlorides are generally in the form of
HCY evolved from the burning of FVC sepsrators, :

The sction of the cast fron {a to sct synargiatically with the sods
to reduce the lead sulfides to lesd, The proportions of iron snd soda
are adjusted so that the compositions of the slag are such as to be in the
low aelting portions of the eutectic valleys, !

The heat for the kiln resction comes from both the coke and ths fuel
ofl being burned. 1In the early portions of the kiln vhere the matarials
are solid, hest tranafer from the hot gases to tha solide 1s sffected by
the rate of rotation, since incressing tha rets incrssses the turning
over of the surfsce solida, thus transfarring the hest to the laysres below,
At the tapping end of the kiln, the tempsrature is controlled primarily by
sdjusting the burner. Although from the standpoinz of entrsined metallie
lead 1t is prefersble to have slsg ss fluid se possible, sn intermediate
viscoaity is preferred {n order to minimize the refractory vesr,

The majority of the slag is composed of the sulfides and oxidas of
sodius, iron snd lasd, together with etlics, slusina and cther oxidic con~
stituents present in the feed materisls. Aleso present to levels up to 20X
{s unburned coke, Of the compounds mentioned sbove, the sulfides predoai-
nate; sithough in the cese of sodfum, there slso exist thiosulfates. The

amn
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presence of the high concentration of eulfides sllows this material to be
slternstely called » matte rather than & alag. The oxides in sullides will
not wsepsrste out into two different layers as they do in the blast furnace.
The nonmetallic lead present fn the alag {s extremely insoluble in water
becsuse the predominant apecie {s PbS, The slag is hyproscopic snd thia has
to be tsken {nto sccount when running slsg snalyses. Furthermore, due to
the presence of the entrained carbon, thia slag must be handled sand dis-
posed of uaing specisl techniques, which are simple but sbasolutely necesssary,
A discussion of the methods employed to properly handls slag s contained

in a patent that (s expected to ba issved shortly.

Refining snd Cssting

|

The Pedricktown refinery was constructed in 1972 and was not altered
during the kiln construction and decsser revamp in 1977-78. The refinery
consiate of twelve 90-ton kettles srranged in two groups of efix with an
{slevay and 100 wold Wirtr casting machine sepsrating the two. Plans
originelly cslled for reserving one group of six kettles [or soft lead
production and the other group for sntimonisl lead production. Due to
highar demand for eoft lesd and soft lesd based grid slloys, nine kettles
sre nov desipgnated for “eoft lesd use only", Soft lead 1s manufactured
from lov antimony kiln metsl by oxidstion with air, intermetsllic {mpurity
removsl and csustic-sodfum-nitrate trestwent. Antimonisl lesd fe produced
from 2-1/2 to 31 kiln wmetsl or svester metal.

‘“The refining kettles are constructed from ASTM-A265C firebox steel,
1-1/2 inches thick. They have straight sides, 18 inches length snd an
ellfpticel bottow., Al) kettles are stress-relieved st 1100°F by the
manufscturer, Xettle settings conelat of s steel shell lined with 3 inches
of insuleting cestable refractory snd 13-1/2 inches of firebrick.

The floor of each aetting fs made up of a layer of 3 inches csatable
rafractory, s course of 4-1/2 inch brick snd a layer of sand. Fumes snd/or
unburned combustion gases in the setting are carrfed off by s ventflating
flue system.

Bech ksttle Is squipped with ¢ North American Mfy. Co., Model No. 3795-
$4-BA nozrle-mix type ofl burner reted st 10 millfon BTU/hour and e full
flame sefety system.

Drossing 18 conducted using an sutomatic drossing machine vhich
operates undsr ventilsted kettle hoods.

All mixers sre wounted on kettle hoods and sre of right sngled drive
deaign, driven by belts snd povered by 30 HP motora, Three blsded impellers
sre uysed exclueively.

Lead puwpa are comprised of tvo typea: transfer-pumps which are used
to move molten lead from kettle to ksttls and casting-pumps. All pumps sra
of centrifugal design and are driven by fixed AC electric motors. The
cesting pump that feeda the Wirtz casting sachine is made to operets ss o
wvarfshle speed pump by varying ths fradquency st wvhich the motor operstea.
This {s sccomplished by plugging ths pumpe into s “black box" apeed control
panel and disling the speed required, .
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Discussion .

Comparison of Rotery Kiln Smelting with Blast Furnscas

¥e will discuss here soms of ths major diffarencss betwssn thass two
typss of smslting. Although both methods saploy continuous amslting, ia the
kiln process ths slsg is teppad continuoualy vhile the metsl ias tapped
periodicelly, wharess fn thas bleet furnsce the situstion ia sxactly revarsed.
Major diffsrences, too, 118 in the chemiatry snd the esse of oparstion.
The rotary kiln is, vithout question, a siwpler furnscs to oparsts im that
ind{vidusle can be trefned expeditiously; snd thers 1a requirsd s sinisum
of experientisl knovladge of the type required {n the blast furnace. This
is psrtly because thers is & higher degree of sutomation in this furnace
end partly becsuse the kiln is & mors stsble furnace in thst departurss from
normaley do not generslly havae catsstrophic effecta. '

In a blaet furnace, furnace shutdown, or lost time burn dovul can be
caugsed by the following sftuations: sowv formation due to a high iron
condition, excessive unsmelted matsrial due to lov f{ronm or coke, impropar
charge distribution, hands end scerstions in the shaft, sxtendad slavetion
of the smelting zons and high back pressurs. The last item can have &
variety of csusea, including preesnce of too sany fines on the chargs. 1In
contrest, the kiln operates afficiently with fines; and en txtaudqd abutdows
cen only be ceused by & fevw events.

In recent times, the sxtsneivs use of PVC asparators has effected blsst
furnsce operstions sdverssly bacsues tha volstile 1sed and iron chloridse
form & reflux loop in the furnacs resulting in opsrating difficultiss ond
also lesd lost in sleg (or lssd chloride). In the kiln, the chlorides sselly
react with the sode sand the rssulting NaCl product ie bot detrimantsl as o
slag constituent.

Oversll manpower raquirsments sra lower on the kiln vhen comparsd om &
tonnsge baaie, Also the teske eara simplar and lass intansive in that ¢
ssjority of tha cperations sre on & timed schedule, wherass in s blast
furnace the slsg tepping 1s often required to be on the basis of visual
observetions (requiring experience), and on ths same furnace tapping intey~
vals cen vary from 10 minutes to 30 minutes depending upon furnacs conditiocos.
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